This study intends to focus on the physicians, and to examine the input-output relationships between the medical resources used by these physicians and the quantity of medical services provided by them, in order to analyze the productivity and efficiency of physicians. In addition, by applying the Malmquist productivity index, this study empirically evaluates how the quantities of each physician¡¦s medical inputs and service outputs affect productivity and efficiency, and uses panel data to analyze the sources of each physician¡¦s productivity and efficiency changes over the years.
I. Introduction
The implementation of national health insurance has had a huge influence on Taiwan's overall healthcare environment. As for the general public, national health insurance has removed many of the economic obstacles that people face, and has increased their access to medical services. In particular, for those who in the past were unable to be covered by health insurance as well as those with serious diseases and injuries, it is good news indeed. In regard to hospitals, the implementation of the health insurance system, which has resulted in a redistribution of medical resources, has had both positive and negative impacts on the hospitals' operations. The positive impacts are that, in response to the implementation of national health insurance, the hospitals have, in order to survive, not only improved their quality, efficiency, and the types of service and range of services offered, but have also once again examined their respective organizations' internal operations as well as the relationships within each organization. The negative impacts are that, if the hospitals have been unable to respond to the changes in an effective manner, then their very existence has been threatened.
Currently, the numbers of large hospitals and local clinics have significantly increased, while regional hospitals are facing a significant reduction in patient visits, and are encountering operational difficulties.
Although the growth rate of total medical costs declined from 15% to 7.38% following the launching of the national health insurance program in Taiwan, the growth rate of outpatients reached 9.14%, and the growth rate of inpatients amounted to 3.88%, with the national average of outpatient visits per person per year exceeding 14 visits. While the public's habitually seeking medical advice has of course resulted in a huge waste of medical resources, the differences in the behavior of physicians in terms of providing treatment has also significantly affected the extent to which medical resources are used up. In providing care in relation to the same diseases, different ways of providing treatment will give rise to different levels of cost effectiveness. Nunamaker (1983) first of all used data envelopment analysis (DEA) to estimate the productivity of medical institutions. However, in the past, most related studies in the medical field focused on the hospital, and very few focused on the physicians themselves. For instance, Chilingerian & Sherman (1990) and Chilingerain (1992) used panel data to examine changes in long-term productivity and efficiency for hospitals and clinics beginning with the late 1980s (Fare, et al., 1989) . If consideration is also given to analyzing the quality of medical care, this was only incorporated in studies from the mid-1990s onwards (Fare, et al., 1995) . (Because the sensitivity of the DEA approach to different combinations of inputs and outputs is relatively high, we use many combinations of inputs and outputs to evaluate the sensitivity of the Malmquist index.) (4) To use both the Tobit and OLS regression analysis approach to discuss the factors affecting the changes in the efficiency and productivity change of physicians.
II. Methodology
The approaches used to evaluate efficiency have by and large been categorized according to two main kinds, namely, the non-frontier approach and the frontier approach. The former pays attention to the statistical method used, and is based on the average concept of efficiency value without taking into consideration the economic meaning of efficiency, while the latter bases its efficiency on the concept of Pareto optimality and incorporates the frontier concept, so that, relatively speaking, it conforms more closely to the economic meaning of efficiency.
The non-frontier approach has many applications in the realm of financial management, and the steps involved in its use include first using factor analysis or principal component analysis to select some financial ratios that will serve as the research variables, and then using these variables to construct a statistical model to perform the analysis. The statistical models generally used include the discriminate analytical model, the PROBIT model and the LOGIT models, which are mainly used in the selection process and which have statistical meaning.
Moreover, when performing the statistical analysis, it is necessary to develop numerous hypotheses before proceeding, an approach that does not conform to the original meaning of efficiency as defined by Farrell. For this reason, in this study we adopt the frontier approach with its economic connotations to perform the analysis.
From an empirical point of view, there are two different kinds of approaches to evaluating efficiency using the frontier approach, these being the parametric approach and the nonparametric approach. In contrast to the parametric approach, the nonparametric approach does not set the functional form of the production frontier a priori, and thus is not limited by -4 - the functional expression. Therefore, there is no need to have the many hypothetical conditions that arise due to the statistical approach adopted when estimating the function and measuring efficiency. Moreover, when dealing with the problems of having many inputs and outputs, the nonparametric approach is easier to use than the parametric approach, and so in this study we adopt the nonparametric approach in our empirical analysis. Moreover, the approach used to measure the physician's productivity change is the Malmquist productivity index that is currently commonly used in the management field. In summing up the above, this study will use DEA, Malmquist productivity index, Tobit and OLS regression analysis approach to measure the productivity of physicians and evaluate the factors that affect the changes in the efficiency and productivity change of physicians.
III. Results and Discussion
This study uses the Current Statistics of Publicly-and Privately-Established Medical physicians physicians that serve as the sample used in our analysis of productivity change from 1999 to 2004. In considering the sensitivity of the Malmquist productivity index to the setting of the input and output variables, the input and output variables are set into the following three combinations to perform the sensitivity analysis in this study. In selecting the input and output variables, we mostly refer to Chilingerian (1992) . In his paper, Chilingerian examines the productivity of physicians within different departments in the same hospital, while this study is concerned with measuring the productivity of physicians in different medical institutions. Table 1 , with regard to the productivity and efficiency indices, of the 40 hospitals' physicians' physicians, only two of them are found to exhibit long-term productivity growth, while the long-term productivity of the other 38 are seen to exhibit a decline. When the productivity change index is decomposed into efficiency and technical change indices, it is discovered that the type of technical change is similar to the type of productivity change, but that, among the 40 hospitals' physicians, 10 exhibit an improvement in efficiency, 7 do not change, and 23 exhibit a deterioration in efficiency. For this reason, although in the vast majority of cases the productivity of the hospitals' physicians' physicians is not enhanced, in close to half of the hospitals' physicians' physicians there is an improvement in efficiency or at least no sign of deterioration. If each hospital's physicians efficiency change index is then decomposed into pure efficiency change and scale efficiency change indices, it is discovered that, among the 40 hospitals' physicians' physicians in the sample, in about 60% of the cases, the pure efficiency and scale efficiency change exhibit either an increasing trend or else remain constant. Secondly, when the results for the Model 2 combination of variables shown in Table 2 are compared with the results in Table 1 , if medical quality is not taken into consideration, then neither the productivity change index nor the technical change index vary significantly, and the values for scale efficiency change are also extremely close. However, the efficiency and pure efficiency change indices improve significantly, which means that, when medical quality is taken into consideration, in terms of the evaluation of productivity change, there is no significant improvement. When medical quality is included, however, there is a decline in efficiency. Furthermore, when the combination of variables in Table 3 is compared, and the number of surgeries is included among the output variables, both productivity and technical change exhibit slight growth, while efficiency and the pure efficiency and scale efficiency change resulting from its decomposition each decline slightly. Tables 4 and 5 take the long-term productivity and efficiency change indices in Tables 1   to 3 and, based on the public and private ownership of the hospitals' physicians' physicians, respectively list the change indices and the change frequencies of the descriptive statistics. As for the average values of the change indices in Table 4 , when the medical quality in Model 1 is included, productivity change indices for public and private hospitals' physicians' physicians of 0.900 and 0.909, respectively, are obtained from the analysis, together with efficiency change indices of 0.993 are 0.979, and technical change indices of 0.906 and 0.929, respectively. When Model 2, which does not take medical quality into consideration, is combined with Model 3, the productivity, efficiency and technical change indices described above are, in terms of their average values, all significantly larger than the results obtained from combining Model 1, which does take medical quality into consideration, with Model 3.
As for the long-term productivity and efficiency change frequencies in Table 5 , their overall change in accordance with the various combinations of inputs and outputs is as described above, and for this reason we do not further explain these results here. Table 6 lists the factors that influence efficiency within a single period. Under the assumption of constant returns to scale, the efficiency of public hospitals' physicians' physicians and of hospitals' physicians' physicians with relatively high lengths of stay tends to be rather poor, while the efficiency of hospitals' physicians' physicians' physicians with a high utilization rate of beds and high market concentration is relatively good. If medical quality is not included, then the more beds there are, the more efficient the hospital is, although the rate at which the efficiency increases progressively declines. However, if medical quality is included, then efficiency will progressively decline as the scale of operations in terms of the number of beds increases. Under the assumption of variable returns to scale, the influence that public hospitals' physicians, the utilization rate of beds, the average length of stay in hospital and the degree of market concentration have on efficiency is found to be exactly the same as under the assumption of constant returns to scale discussed above. Only if the number of beds increases does the hospital become less efficient, although the decline in efficiency becomes progressively less pronounced as the number of beds increases. This finding is similar to the results for the number of hospital beds in Model 1
where medical quality is included under the assumption of constant returns to scale. In terms of the proxy variable for time, under constant returns to scale, the second year is more efficient than the first, but the sixth year appears to be relatively inefficient. A similar finding is also obtained using Model 1 based on the variable returns to scale assumption. From the results of Table 6 , it can be seen that the efficiency of public hospitals' physicians is significantly lower than that of private hospitals' physicians, showing that hospital ownership is still the most important factor in deciding how medical resources are to be efficiently used.
Secondly, hospitals' physicians in which the utilization rate of beds is higher and in which the average length of stay is shorter tend to be more efficient. However, hospitals' physicians in which the number of beds is higher are not easy to manage, which results in the hospitals' physicians becoming less efficient. Nevertheless, the extent of the reduction in efficiency becomes smaller as the number of beds increases. Only the degree of market concentration has a positive influence on the hospital's efficiency. This finding shows that it is inappropriate for the view that competition theory enhances efficiency to be applied to the medical market in Taiwan. Table 7 lists the factors that influence productivity and efficiency change across time periods. With regard to productivity change, the utilization rate of beds is the important factor that determines productivity growth. When medical quality is included, the higher the degree of market concentration, then the more significant is the productivity growth. The productivity growth in the second and fifth periods is slower when compared with the first period. As for efficiency change, in the case of hospitals' physicians with a high utilization rate of beds and shorter average lengths of stay, efficiency growth is more significant. The number of beds has a positive influence on the growth of efficiency, but the increase in efficiency progressively declines the more beds that there are. The growth of efficiency from the second period to the fifth period takes place more slowly than in the first period. Overall, the results of Table 7 indicate that public hospitals' physicians have a positive but insignificant influence in terms of the growth of productivity and efficiency. The utilization rate of beds and the average length of stay in hospital are still the important factors determining productivity and efficiency change. The number of hospital beds and the degree of market concentration have a positive, but a not very significant, effect on the productivity and efficiency growth of the hospitals' physicians. When compared with the first period, the second to the fifth periods each exhibit a declining tendency in terms of their influence on productivity and efficiency. The coefficients of determination in Table 7 each have fairly good explanatory power in terms of productivity and efficiency changes. However, when compared with the results of Table 6 , the extent of the influence of all of the explanatory variables in Table 7 is not as significant as in Table 6 in terms of the explanatory variables within a single time period.
-14 -
IV. Conclusions and Recommendations
This study attempts to apply the Malmquist productivity index analytical approach to panel data that comprise the medical inputs and service volume outputs of Taiwan's medical centers' physicians and regional hospitals' physicians. The purpose behind this is to examine the long-term productivity and efficiency change in relation to physicians, evaluate the factors that influence productivity and efficiency change, and consider whether or not medical quality should be included in order to analyze its effect on productivity and efficiency change. In terms of the research method adopted, the Malmquist productivity index approach involves solving a multi-input and multi-output distance function linear programming problem, in order to evaluate the trend in productivity change for each policy unit across different time periods. A mathematical model can also be used to decompose productivity change into the product of efficiency change and technical change, the former also being the product of pure efficiency change and scale efficiency change. Furthermore, in evaluating the productivity and efficiency of physicians, the literature (Fare, et al., 1995) refers to the importance of including medical quality. Three kinds of indicators are commonly referred to in the literature for measuring medical quality (Lu & Hsieh, 2000) , namely, the structural or medical care input, the process of providing medical services, and the results or effects of medical treatment. After taking into consideration the Department of Health data used in this study and excluding with incomplete data from the sample, it is discovered that only the number of doctors and nurses per bed measured by the structural or medical care inputs can serve as the proxy variable for medical quality among the output variables. It is thus predicted that the more medical personnel there are per bed, the more medical care the patients will receive, and this will therefore increase the quality of the health care provided. Furthermore, whether or not medical quality is included, as well as whether or not more or less service-related output variables are taken into consideration is likely to affect the empirical results derived in this study in relation to productivity and efficiency change, and so this study uses three groups of output variables to adjust the combination of inputs and outputs for performing the empirical evaluation and making comparisons. Because the emphasis in this study is on evaluating long-term productivity and efficiency change, when examining the factors that influence productivity and efficiency change, a panel data analysis model that includes a time proxy variable is constructed, in order to better understand the long-term development trends in productivity and efficiency change.
In terms of further research that could be conducted in the future, if outpatients and inpatients can be combined, it will be easier to find which levels within the hospital or which specialist personnel are not efficient. If we can go further to analyze the productivity of the -15 -output variables including education and research, any such research will contribute even more. If the input and output variables can be more accurately selected, the results of the study will be more reliable. Furthermore, if the content and scope of the study can be enlarged, the differences in terms of the variables used can be more fully understood.
